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ISOLATION OF CORTISOL FROM A PHEOCHROMOCYTOMAt
Although the adrenal cortex and medulla arise from different embryological
tissues, they are intimately associated in the developing embryo. The
adrenal cortex arises from splanchnic mesenchyma, while the medulla arises
from nervous tissue.' The chromaffin cells migrate by way of the celiac
plexus to penetrate the adrenal cortex as scattered islands which later
aggregate to form the adrenal medulla. It is conceivable that islands of
chromaffin cells surrounded by adrenocortical cells might develop as aber-
rant tissue. Later, if a tumor developed in this aberrant tissue, both adre-
nocortical and medullary elements would be present.
Clusters of cells which resemble cortical cells are occasionally seen in
pheochromocytomas.7'9'10 Reports in the literature suggest that certain
pheochromocytomas do secrete steroids. A striking case reported in 1942,
by Neff and co-workers,"2 was that of a 16-month-old-girl with marked
hirsutism, overdevelopment of external genitalia, obesity, and paroxysmal
hypertension. Removal of an adrenal tumor from this patient resulted in
an immediate fall in blood pressure and regression of all symptoms. His-
tologically, the tumor was a pheochromocytoma, with one peculiar micro-
scopic feature: lipoid material within many cells.
Chenualt, et al.6 described a patient with paroxysmal hypertension, dia-
betes mellitus, elevated urinary 17-hydroxycorticoid excretion, and an
abnormally increased excretion of 17-hydroxycorticoids after an ACTH
test. Symptoms and chemical findings returned to normal after removal
of a tumor at the bifurcation of the aorta which contained 7.5 mg. of cate-
cholamines per gm. of tumor with more than 6.2 mg. as norepinephrine.
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In the present study, slices of a pheochromocytoma have been incubated
and a compound which resembles cortisol has been isolated from the incuba-
tion media.
CASE HISTORY
A 62-year-old white female entered the Memorial Unit of the Grace-
New Haven Community Hospital for surgical removal of a right supra-
renal mass. About 18 months prior to admission, because of left flank pain,
an intravenous pyelogram was performed which revealed normal kidneys
and a right suprarenal mass. The pain subsided spontaneously without a
definitive diagnosis of the suprarenal mass. During the year prior to
admission she had a 10-lb. weight loss despite a good appetite. The patient
noted easy fatiguability and two to three soft bowel movements a day. Two
months prior to admission a GI series and barium enema were negative,
while an intravenous pyelogram revealed the suprarenal mass to be un-
changed in size or shape. The patient denied any episodes of weakness,
nervousness, sweating, palpitations, or hypertension. Her private physician
reported her blood pressure was normal on several occasions prior to
hospitalization.
Physical examination was unremarkable except for an elevation of blood
pressure on two occasions-150/100, and 170/100. Multiple other blood
pressures were normal. Laboratory studies revealed a normal urinalysis
and hemogram, NPN 34mg.%o, FBS 109%o. Serum electrolytes are rep-
resented in Table 1.
The patient had none of the signs or symptoms of an adrenocortical or
medullary tumor. The low serum potassium raised the question of an
aldosterone-secreting tumor. However, it was considered that the frequent
bowel movements probably accounted for the potassium deficiency.
The patient's reluctance to allow diagnostic procedures prevented further
investigations. At surgery on the fourth hospital day a large right adrenal
mass was discovered. Despite vigorous manipulation, no significant altera-
tion in blood pressure occurred. After the tumor was dissected free, and
prior to clamping of the large veins draining the tumor, the blood pressure
dropped precipitously. Vasoxyl®, levophed®, blood, and 200 mg. of hydro-
cortisone hemisuccinate were administered within a short period. The
blood pressure rose to 100-110/70. For several days postoperatively the
patient was lethargic, weak, and hypotensive unless maintained on levo-
phed®. Cortisone and desoxycorticosterone were also administered but
probably without significant effect. Gradually improvement occurred with
stabilization of the blood pressure at 110/70. The serum potassium re-
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turned to normal. Several months postoperatively the patient was reported
to be doing well.
PATHOLOGY
Gross. The tumor was a 169-gram, encapsulated mass. The right adrenal was
attached to one side, but separate from the tumor.
Microscopic. Along one surface is the capsular area beneath which is a narrow layer
of finely vacuolated adrenal cortical cells with small oval nuclei and the general
TABLE 1.
Date
12/3/57
12/5/57
12/11/57*
cos
mm/L
21.8
27.0
25.0
Serum values
Cl=
meqlL
101
98
96
Na+
meqlL
145
146
141
K+
meqlL
2.9
2.8
5.5
Urine values
17 ketosteroids
mg/24 hr.
4.5
(5-15)**
17 ketogenic steroids
mg/24 hr.
8.3
(8-20)**
catechol
amine.9
,ug/24 hr.
616
(38-158)**
* Postoperative (surgery on 12/6/57).
** Normal range.
configuration of zona glomerulosa. Beneath this zone there is a large mass of highly
vascularized tumor tissue. Many blood-filled spaces are lined by tumor cells which in
some areas extend to the capsule.
Figures 1 and 2 are high power views of the tumor cells which illustrate the large
size of the cells compared to the erythrocytes in the vascular spaces. They have
abundant, finely granular cytoplasms which vary with hemotoxylin-eosin stains from
pink to deep red purple. Many cells contain several large, vesicular nuclei with sharp
nuclear membranes and prominent nucleoli. Mitoses are absent. A small proportion of
cells present an unusual feature for a pheochromocytoma. These viable, well staining
cells contain numerous vacuoles within their cytoplasm suggestive of lipoid material
(Figs. 1, 2). A Sudan IV lipid stain of frozen and later formalin-fixed tumor tissue
illustrates a few cells which contain lipid-staining material. The spotty distribution of
these cells is approximately similar to those with clear vacuoles.
Foci of scarring and lymphocytic infiltration are present in some areas. The blood
vessels contain numerous hemosiderin-filled macrophages. Fine brown pigment granules
as well as coarser granules characteristic of hemosiderin are present in many tumor
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cells. Although chromaffin stains are negative, not all of the brown pigment is positive
for iron stains.
METHODS
The excised tumor was freed of fat and weighed. Tissue slices were made with
a Stadie-Riggs microtome. The tissue was incubated in Krebs-Ringer bicarbonate
buffer with 200 mg.% glucose in an atmosphere of 95% 02, 5% CO2 for 3 hours. Since
it was unclear at the time of surgery whether this was a nonfunctioning adrenal tumor,
pheochromocytoma, or adrenal cortical tumor, care was taken to avoid incubating any
part of the tumor's capsule which might contain adrenocortical tissue. Sections of
tumor tissue for incubation were taken from the central portion of the tumor, well
away from the yellow speckled few millimeter thick capsule. The rest of the tumor was
stored at minus 200 C. Slices of the excised right adrenal cortex were also incubated
in separate flasks.
After incubation, the media from the tumor and adrenal cortex were extracted
separately with redistilled chloroform. The chloroform extracts were washed once with
1/10 volume of 0.05N NaOH, twice with 1/10 volume distilled water, dried with
anhydrous sodium sulfate, and evaporated in vacuo at 400 C. The residue was applied
to a paper chromatogram in a modification of the toluene-propylene glycol system'
along with reference corticosteroids. The standards and unknown compounds were
located by the ultraviolet scanning technique. After elution with ethanol, the unknown
ultraviolet absorbing band was rechromatographed in the Bush-C system' with appro-
priate standards on either side. Standards and unknown were located as before.
Chemical characteristics of the compound were determined after elution from the second
chromatographic system. Fluorescence in alkaline solution was measured by the
method of Abelson and Bondy'; Porter-Silber reaction'7 and appropriate paper blanks
were measured simultaneously.
Acetylation was carried out with 20 lambda each of redistilled acetic anhydride in
anhydrous benzene (15% V/V) and redistilled anhydrous pyridine for 24 hours.
Chromatography of the acetylated compound was performed in the carbon tetrachloride-
methanol-water system'5 with standard cortisol acetate. Radioactive progesterone-
16-H3 with specific activity 558mC/mM was obtained from the New England Nuclear
Corporation. Chromatography of an aliquot with carrier progesterone revealed it to be
at least 98 per cent pure. Radioactivity was counted in a liquid scintillation counter,
where the efficiency for tritium counting was 15-16 per cent.
Urinary 17-ketosteroids and 17-ketogenic steroids were measured by the method of
Norymberski, et al.'5 Urinary catechol amines were determined by the method of
Helmer.8 The catechol amine content of the tumor was estimated by a modification of
Von Euler and Floding's method.'8
CLINICAL STUDIES
Table 1 presents results of the clinical studies. A specimen of urine
collected and frozen preoperatively and analyzed several months later re-
vealed low normal 17-ketosteroids, 17-ketogenic steroids, and elevated
catechol amines. Serum potassium concentrations were low preoperatively.
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Volume 31, June 1959FIG. 1. Representative section of tumor, showing abundant granular cytoplasm,
vesicular nuclei, prominent nucleoli and scattered cytoplasmic vacuoles. Hematoxylin
and eosin stain. x645.......
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FIG. 2. Section of tumor, showing variability of staining, tendency to elongation,
multinuclear giant cells, and occasional vacuolization of cytoplasm. Hematoxylin and
eosin stain. x645.o MULROW, COHN, YESNER
More than 3.0 mg. per gram of tissue of catechol amines were found in
the tumor.
IN VITRO STUDIES
Table 2 illustrates chromatographic and chemical characteristics of the
compound isolated from the incubation media of 4 grams of tumor slices.
After 2 chromatograms approximately 6 ug. were found. Mobilities are
expressed as ratios of the mobility of the compound to that of standard
compound E (cortisone). The compound had the same mobility as stand-
TABLE 2. FRESH TUMOR INCUBATION
Standard Tumor
F "F"
Toluene-propylene glycol RE 0.45 RE 0.41
Bush C RE 0.67 RE 0.69
Ultraviolet absorbtion + +
Alkaline fluorescence + +
Porter-Silber + +
Chromatographic and chemical characteristics of the "cortisol" (F) isolated from
the media. RE refers to the ratio of the mobility of the compound, or standard cortisol
to standard cortisone.
ard compound F (cortisol) in the toluene-propylene glycol system, and
after rechromatography in the Bush C system. This compound absorbed
ultraviolet light, fluoresced in alkaline solution and gave a positive Porter-
Silber reaction.
Could this finding of cortisol be the result of inadvertently incubating
small amounts of adrenocortical tissue that might have invaginated into
the center of the tumor? In an attempt to exclude this possibility, a second
incubation was carried out several months later. The frozen tumor was
thawed. Approximately 5 grams of tissue were cut from the center of the
tumor, blotted dry, and incubated. Any section containing large blood
vessels or grossly evident connective tissue was discarded. Each flask con-
tained the constituents as outlined in Table 3. TPN+ and glucose-6-phos-
phate were added since Kortiz and Perone had shown frozen rat adrenals
in the presence of TPN+ and glucose-6-phosphate produced more corti-
costeroid than normal adrenals. In addition, Bongiovanni' demonstrated
that homogenates of frozen human adrenals obtained at surgery or autopsy
were capable of producing corticosteroids in the presence of appropriate
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cofactors. After incubation each section of tumor was examined micro-
scopically. No obvious adrenocortical tissue was seen. Sections of similarly
frozen and thawed adrenal tissue showed easily identifiable cortical tissue.
However, since such frozen tissue is considerably distorted microscopically,
it cannot be unequivocally stated that no adrenal cortical tissue from the
capsule was present.
Table 4 represents the data from the extract of the incubation media.
Approximately 10 ug. of a compound similar to cortisol was detected. It
had the same mobility as standard cortisol in toluene-propylene glycol and
Bush C systems. After elution from the Bush C chromatogram, this com-
TABLE 3. INCUBATION SYSTEM
Substrate Per flask
Tumor 600 mg.
Progesterone-16-H8 1.89 x 106 DPM
0.5 ,ug.
Gluc.-6-Phosphate 10 mg.
TPN 10 mg.
Buffer 10 ml.
pound was acetylated and rechromatographed in a carbon tetrachloride,
methanol-water system. This acetylated compound had the same mobility
as standard cortisol acetate and contained a small amount of radioactivity.
This suggests that a portion of the radioactive progesterone was hydroxy-
lated by the tumor slices to form cortisol. However, this was only a minute
fraction of the total radioactivity. This low amount of incorporation might
possibly be due to precursors within the cells being more readily hydroxy-
lated to cortisol than tracer quantities of progesterone added to the media.
The progesterone might not easily gain access to the small number of
"adrenocortical-type cells" interspersed throughout the relatively large
amount of tumour tissue. Another possibility is that endogenous cortisol
had diffused into the tumor from adjacent adrenocortical tissue prior to
incubation. This latter possibility seems unlikely since the content of cortisol
within the adrenal is quite low. A sufficient concentration gradient would
hardly be present for cortisol to diffuse into the center of this large tumor.
It appears therefore that the enzymes necessary to convert tritiated
progesterone to tritiated cortisol were present in this tissue. However,
since the yield of tritiated cortisol was so small the possibility of radioactive
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impurities cannot be excluded, although similar studies with control tissues
from another species would not indicate this.'
Table 5 compares the in vitro release of the patient's right adrenal cortex
and the pheochromocytoma. The third column illustrates that the micro-
grams of cortisol produced per gram of tissue is much higher for the
adrenocortical tissue. However, although the adrenal cortex was not
weighed, if it is assumed that it was a large 7-gram gland, and that the
production of steroids by the rest of the tumor tissue was at least that of
the incubated tissue, the total steroid production of the adrenal cortex is
less than that of the tumor.
TABLE 4. FROZEN TUMOR INCUBATION
Standard Tumor
F "F"#
T/PG RE 0.53 RE 0.55
Bush C RE 0.65 RE 0.62
Acetylation
CC14/M RFa.1.00 RFa.1.01 C C14/M ~Fac. Fac.
DPM = 125
Chromatographic mobilities of the radioactive "cortisol" (F). RE determined
similarly to RE in Table 2. RF refers to the ratio of the mobility of the acetylated
derivative of the radioactive "cortisol" to authentic cortisol (F) acetate which was
arbitrarily assigned R 1.00. DPM means disintegrations per minute.
DISCUSSION
Tumors of the adrenal gland are frequently difficult to classify his-
tologically. Adrenocortical adenomas may resemble pheochromocytomas.
Pheochromocytomas sometimes contain clusters of cells which resemble
adrenocortical cells. Without positive chromaffin stains, Karsner9 considers
the histological diagnosis of pheochromocytoma unsafe. Obviously a tumor
composed of both adrenocortical and medullary elements would be most
difficult to diagnose histologically.
The value of the incubation technique as an adjunct to the pathology
of hormone-secreting tumors was demonstrated by Baggett, et al.2 in the
case of a testicular tumor which histologically resembled a large, undiffer-
entiated testicular tumor. Incubation studies revealed that the tumor tissue
could convert C-14 acetate to cortisol and therefore was probably aberrant
adrenocortical tissue.
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In the present case, it appears that a tumor which resembled a pheo-
chromocytoma histologically and contained an excess of catechol amines,
released cortisol in vitro. This was correlated with the appearance of clear
vacuoles within some tumor cells suggestive of lipid. There are reports in
the literature!'l which indicate that pheochromocytomas may also secrete
adrenocortical steroids. The clinical picture would depend upon the type
and quantity of steroid produced. Perhaps part of the circulatory collapse
sometimes following surgical removal of a pheochromocytoma is due to
removal of a steroid-producing tumor. This tumor might be producing a
quantity of steroid sufficient to inhibit ACTH secretion, yet insufficient to
TABLE 5. A COMPARISON OF THE IN VITRO STEROID RELEASE OF THE
RIGHT ADRENAL CORTEX AND THE PHEOCHROMOCYTOMA
Total F F
weight lAg./gm. total
Specimen gm. tissue Ag.
Adrenal 21 (147)
Tumor 169 1.3 219
produce symptoms of hyperadrenalism. The removal of this tumor would
leave atrophied adrenals to cope with the stress of surgery.
This did not appear to be the situation in the present case, since the
hypotension did not appear to respond to hydrocortisone alone. Actually,
the nature of the vascular collapse was unclear. Such a clinical state would
be difficult to detect prior to surgery. In vitro studies would help to clarify
this possibility. Moreover, it would be of interest to determine whether
adrenocortical tumors associated with Cushing's syndrome contain an ex-
cess of catechol amines.
SUMMARY
A 169-gram adrenal tumor was removed from a relatively asymptomatic
62-year-old woman. Histologically, the tumor resembled a pheochromocy-
toma yet contained vacuolated tumor cells suggestive of lipid. Assay of
the tumor revealed an excess of catechol amines. Slices of tumor tissue
released a compound in vitro which had the chromatographic characteris-
tics of cortisol.
The implications of these findings are discussed.
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ADDENDUM
A somewhat similar case has been brought to our attention by Dr. John Beck of the
Royal Victoria Hospital, Montreal, Canada, who has kindly sent us a summary of the
case. The patient's chief complaint was seizures. She was found to have a markedly
fluctuating blood pressure and a pale left optic disc. Laboratory studies revealed
elevated plasma and urinary catecholamines, positive regitine test, abnormal glucose
tolerance test, compression fractures of several vertebrae, and a right suprarenal mass.
On September 5, 1958, an adrenal tumor was removed which histologically was com-
patible with a pheochromocytoma, although chromaffin stains were negative. Post-
operatively, she had marked hypotension which only responded to a combination of
norepinephrine and cortisol. The urinary catecholamines and glucose tolerance returned
to normal.
Incubation of the adrenal tissue and tumor tissue separately revealed that both
produced significant quantities of steroids, and both were able to convert desoxycortico-
sterone to corticosterone and cortisol. Neither showed a clear response to ACTH
in vitro.
An extremely interesting feature of this case was the markedly diminished excretion
of 17-ketosteroids and Porter-Silber corticoids pre- and postoperatively. Urinary
gonadotrophins were 105 mouse units. Postoperatively repeated ACTH administration
produced appreciable increases in steroid excretion. Further studies of the patient's
adrenocortical function are in progress.
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